Novel mechanism of reducing tumourigenesis: upregulation of the DNA repair enzyme OGG1 by rapamycin-mediated AMPK activation and mTOR inhibition.
Inhibition of mTOR by rapamycin is an important approach in cancer therapy. In early clinical trials, tuberous sclerosis complex (TSC)-related kidney tumours were found to regress following rapamycin treatment. Since loss of function of the DNA repair OGG1 enzyme has a major role in multistep carcinogenesis of the kidney and other organs, we investigated the effect of rapamycin on OGG1 regulation. Treatment of HK2 cells, mouse Tsc-deficient cells and human VHL-deficient cells (786-O) with rapamycin resulted in decrease in p70S6K phosphorylation at Thr(389), and increase in the expression of NF-YA and OGG1 proteins. In addition, rapamycin increased OGG1 promoter activity in cells transfected with OGG1 promoter construct. Furthermore, rapamycin increased the phosphorylation at Thr(172) of the energy sensor AMPK. Downregulation of AMPK phosphorylation by high glucose (HG) increases the phosphorylation of p70S6K and decreases the protein expression of NF-YA and OGG1. Pretreatment of the cells with rapamycin before exposure to HG reversed the effects of HG. However, downregulation of AMPK by dominant negative (DN)-AMPK in Tsc2(+/-) cells abolished AMPK and decreased OGG1 expression. In contrast, transfection of Tsc2(+/-) cells with DN-S6K abolished p70S6K phosphorylation and increased OGG1 expression, a response enhanced by rapamycin. Treatment of Tsc2(+/-) mice with rapamycin resulted in activation of AMPK, downregulation of phospho-p70S6K and enhanced OGG1 expression. Our data show that inhibition of mTOR can activate AMPK and lead to upregulation of DNA repair enzyme OGG1. These data comprise the first report to provide one mechanism whereby rapamycin might prevent or inhibit the formation and progression of certain cancers.